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This thesis consists of nine chapters.  
 
Chapter 1 describes the background, objectives and structure of this thesis.  
 
Chapter 2 provides an introductory background of this work with focusing on 
incomplete rejection of N-nitrosamines by RO membranes. This chapter describes 
1) the occurrence and fate of N-nitrosamines and their precursors in water 
reclamation processes including RO membrane treatment, 2) the removal 
characteristics of N-nitrosamines by RO membranes, 3) the structural properties 
of RO membranes, 4) the mathematical model describing solute transport through 
RO membranes, and 5) the research need.  
 
Chapter 3 deals with the occurrence and fate of N-nitrosamines and their formation 
potentials across integrated membrane systems deployed at three pilot -scale water 
reclamation plants. Removal efficiencies of N-nitrosamines and their formation 
potentials by UF, NF and RO membrane processes are evaluated. Further, the 
impacts of realistic operating conditions on N-nitrosamines rejection by pilot-scale 
RO process are assessed. 
 
Chapter 4 develops a new approach to predict the rejection of eight N -nitrosamines 
and seven VOCs through an RO membrane based on the steric pore -flow model. In 
this approach, solute rejection is predicted by estimating the free -volume hole-size 
of an RO membrane. The free-volume hole-radius was determined with pure water 
permeability of a membrane and a single reference compound by minimizing the 
variance between the experimentally obtained and calculated reference solute 
rejection values at a specific permeate flux. The estimated free -volume hole-radius 
was compared with the value previously determined by positron annihilation 
lifetime spectroscopy (PALS) analysis. The predictive model was validated using N-
nitrosamines and VOCs rejection data obtained at a range of permeate flux 
conditions.  
 
Chapter 5 deals with the development of an extended model applicable to several 
RO membranes under a range of permeate flux and feed solution temperature. 
Based on the steric pore-flow model with the approach proposed in Chapter 4, the 
free-volume hole-radius of four RO membranes are estimated and the impact of the 
free-volume hole-radius on N-nitrosamines rejection are discussed. This chapter 
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also deals with the impact of feed solution temperature on free -volume hole-radius 
estimation and model prediction for N-nitrosamines rejection. 
 
Chapter 6 explains the effects membrane fouling on N-nitrosamines rejection by an 
RO membrane. The applicability of the steric pore -flow model for predicting the 
solute rejections by fouled RO membranes are evaluated.  
 
Chapter 7 presents the scale-up of the steric pore-flow model from laboratory-scale 
to pilot-scale. The predictive model was validated using N-nitrosamines rejection 
data obtained using three RO membrane elements receiving UF or MBR treated 
wastewater. The effects of permeate flux, feed solution temperature and membrane 
fouling on accuracy of model prediction for N-nitrosamines rejection were 
evaluated.  
 
Chapter 8 provides the theoretical explanation for the variable N -nitrosamines 
rejection observed by the RO membrane processes at the three water reclamation 
plants. While Chapter 3 presents possible cause for the variable N -nitrosamines 
rejection based on the statistics analysis, this chapter provides the theoretical 
explanation for the variable N-nitrosamines rejection based on the steric pore -flow 
model with the approach proposed in Chapter 4-7. The predictive model calculates 
the changes in membrane structural properties of the RO membrane element 
employed at one of the investigated water reclamation plant by using measured 
operating conditions. In addition, the impact of the changes in membrane 
structural properties on N-nitrosamines rejection by the RO membrane element are 
evaluated. 
 

















異なる 8種のニトロソアミン類と 7種の揮発性物質の除去率予測を可能にした。 


















の学位論文として価値あるものと認める。また、平成 30 年 6 月 25 日、論文内容とそれ
に関連した事項について試問を行って、申請者が博士後期課程学位取得基準を満たして
いることを確認し、合格と認めた。 
 
